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Introduction

The morphological changes of the vestibular
sensory epithelia and the vestibular ganglions
induced by Gentamicin(GM)were investigated using
scanning electron microscope, transmission electron microscope and light microscope.
The guinea pigs were injected with a single
application of 4 mg (0.1ml) of GMinto the middle
ear t hrough the tympanic membrane. The vestibu1ar organs and the gangl ions were observed up to 6
months after the treatment. Four days after the
inje ction, fused, ballooned and missing cilia
were observed in the vestibular sensory epithelia. These changes progressed and extended toward the periphery of the crista and the macula.
The changes of the vestibular ganglions were
firs t observed one month after the treatment.
The degenerative process started from destruction of the mitochondrial cristae and
vacuolization of the cytoplasm in the Schwann
cell. The next step of the change was dissnciation of the myelin sheath around the ganglion
cell. The cytoplasmic organelles in the ganglion
cell gradually deteriorated.
At the later stage,
the myelin sheath around the ganglion cell disappeared and the number of the cell reduced. Furthermore, the myelin sheath of the nerve fiber
was dissociated.
In this study the signs of the vestibular
gangl ion damage were later than that of the vestibu la r organ. However, we thought the changes
in the ganglion are probably due to direct influence of GM,since the degeneration was found to
develop in a relatively short period .

Morphology of the vestibular ganglion has
been extensively studied using transmission electron microscope (TEM)[4,9] . Yet, very little
is knownabout its pathological changes. This
study was designed to investigate morphological
change of the vestibular ganglion induced by
Gentamicin(GM). Emphasis is placed on comparative morphology of the damage between the vestibular sensory epithelia.
Materials and Methods
Thirty guinea pigs of 200-350 g body weight
with normal Preyer's reflex and normal tympanic
membranewere used. Each animal was injected with
a s ingle application of 4 mg(O.lml) of GMint~
the middle ear of one side through the tympanic
membrane. The same amount of saline was applied
to the other ear, which served as a control.
The animals were sac rificed l day, 4days, 7 days ,
l month, 3 months and 6 months after the treatment.
The guinea pigs were subjected to cardiac
perfusion with 0.5% glutaraldehyde and 0.5 %
paraformaldehyde mixture buffered with phosphate
buffer solution (pH 7.4) under general anesthesia. The temporal bones were quickly d~ssected
and the vestibular organs and the vest ibular
gangl ions were removed.
.
.
The vestibular organs were immers ed in 2%
glutaraldehyde for 24 hand were conductive
stained with 2% tannic acid for 2 hand 2% Os04
solution for l h. Following dehydration with
graded ethanol, the specimens were treated with
isoamylacetate, critical point dried (CO2) and
were coated with platinum .
The vest ibular ganglions were cut in half,
one was prepared by A-0-D-Omethod [7] for .
scanning electron microscopic (SEM)observation,
and the other was for TEM.For SEM,the vestibular ganglions were fixed at 4°C for 30 min. in 1%
Os04 solution.
After rinsing, specimens were
dipped into 25% dimethyl sulfoxide (DMSO)for
30 min. and 50% DMSO
for l h. They were then
frozen in liquid ni trogen and were fractur~d.
The fractured specimens were again rinsed in the
buffered solution and were fol l owed by maceration at 23°C in 0.1 % Os04 solution for 90 h.
0
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The specimens were post-fixed in 1% Oso4 solution
for l h, and were conductive stained with 2% tannic acid for 2 hand 1% Os04 solution for l h.
Following dehydration with graded ethanol, the
specimens were treated with isoamylacetate, critical point dried (CO2) and were coated with platinum. High resolution field emission SEM
(Hitachi S 800) was used for observation of both
the vestibular organs and the vestibular ganglions.
The vestibular ganglions for TEMobservation
were immersed in 2.5 % glutaraldehyde for 2 hand
were post-fixed in 1% Os04 solution buffered with
0.1 M phosphate buffer (pH 7.4) for 1-4 h. They
were then transferred into 10% saccharose solution for dissection and rinsing.
The specimens
were stained en bloc in 3% uranyl acetate for l
h, dehydrated with an ascending series of ethanol
and were embeddedin epoxy resin. The thin sections were cut, stained with uranyl acetate and
lead citrate, and were observed with a JEM100-CX
type electron microscope. For light microscopic
observation, the vestibular ganglions were cut,
and stained with 0.5 % Toluidine blue with 0.1 M
phosphate buffer.
Results

f~-

The crista ampullaris of the lateral
sem1c1rcular canal four days after the treatment.
Loss of the sensory cilia is remarkable in the
central portion of the crista.

Chan es of the vestibular sensor e ithelia
Int e contro ears no s1gn1f1cant amage was
observed.
One day after the treatment. No remarkable
change was observed in the crista ampullaris, the
utricular and saccular maculae.
Four days after the treatment. The sensory
cilia were fused, ballooned and missing in the
central portion of the crista and also in the
striola of the maculae (Figs. 1,2,3).

f..:i..9__:_l.
High magnification view of Fig. 2. The
sensory cilia are fused (small arrow), ballooned
(large arrow) and missing in the central portion
of the crista.

Seven days after the treatment. The loss of
the sensory cilia extended toward the periphery
of the crista and the maculae. Someof the damaged sensory cells were replaced by the supporting cells.
One month after the treatment. The loss of
the c il, a further extended toward the periphery
of the maculae (Fig. 4). Most of the damaged
sensory cells were replaced by the supporting
cells (Fig . 5).
Three months after the treatment. The loss of

~The utricular macula four days after
the treatment.
Numberof the sensory cilia reduced only in the striola portion (arrow).
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~The utricular macula one month after
the treatment. Damageof the sensory cilia in
the striola portion is more severe.

fig_.__6, The utricular macula six months after
tfietreatment . Loss of the sensory cilia further extends toward the periphery of the
utricular macula.

~High magnification view of Fig. 4. Most
sensory ci l ia disappeared in the striola portion .
The damaged sensory cell s are replaced by the
supporting cells (arrows).

~The crista ampullaris of the lateral
semicircular canal six months after the treatment. The area where the sensory cilia are missing extends toward the periphery of the crista.
Changes of the vestibular

the cilia was even more pronounced than the one
month injection group both in the crista and in
the maculae.
Six months after the treatment. The degree of
the change was similar to that of the 3 months'
group both in the crista and in the maculae(Figs.
6,7). There was no significant difference in the
change between the crista and the maculae.

gangli on

In the control ears no significant damagewas
observed.
One, four and six dats after the treatment. No
remarkablecnange was o served in the animals of
this group and normal morphology of the vestibular
ganglion cell with thick myelin sheath was preserved. In the cytoplasm well developed Golgi
apparatus, mitochondrial and the endoplasmic reticulum were observed (Figs. 8,9 10).
One month after the treatment. Various degrees
1193

K. Sera,

Y. Harada, N. Tagashira et al .

~The vestibular ganglion one day after the
treatment. The number of the ganglion cells is
almost the same as that of the control group.

Fig. 10. The vestibular ganglion cell one day
after the treatment. Well developed cytoplasmic
organelles are visible.
G: Golgi apparatus
M: mitochondria ER: endoplasmic reticulum .

~The vestibular ganglion cell one day after the treatment. Normal morphology of the ganglion cell is preserved.

Fig. 11. The vestibular ganglion cell one month
after the treatment. Vacuolizations are seen in
the cytoplasm (small arrows). The myelin sheath
around the ganglion cell is partly dissociated
(large arrow).

of change of the ganglion cell and the Schwann
cell were observed.
The myelin sheath around
the ganglion cell was dissociated.
Vacuolization
in the cytoplasm, destruction of the mitochondrial
cristae and swelling of the cisternae of the
endoplasmic reticulum were observed in some ganglion cells.
Furthermore, vacuolization and destruction of the mitochondrial cristae were noticed in many Schwanncells.
However, Golgi ap-

paratus retained its normal appearance (Figs. 11,
12). The nerve fibers also appeared normal.
Three months after the treatment. Degeneration further developed in the Schwanncell and
the ganglion cell. Occasionally the myelin
sheath around the ganglion cell disappeared.
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Fig . 72. High magnification view of Fig. 71.
Vacuolization in the cytoplasm, destruction of
the mitochondrial cristae (large arrow) and swelling of the cisternae of the endoplasmic reticulum
(small arrows) are seen. The Golgi apparatus appears almost normal (*).

Fig. 14. The vestibular ganglion cell si x months
after the treatment. The myelin sheath around
the ganglion cell disappeared (a,b). The myelin
sheath of the nerve fibers is dissociated (arrow
in b).

seen in the perikaryon. The myelin sheath of the
nerve fiber was dissociated (Figs. 13, 14).

Fig. 13. The vestibular ganglion six months after the treatment. The number of ganglion cells
was markedly reduced. In the remaining ganglion
cells the myelin sheath is lost (arrow).

Discussion
There have been a number of studies on the
vestibular damage induced by aminoglycosides [l,
3, 6, 8]. Changes of the vestibular sensory epithelia had been elucidated in detail using SEM
[1,8]. It is knownthat changes usually start in
the central portion of the crista and in the
striola of the macula. Presently, a single injection of GMinto the middle ear induced similar

Six months after the treatment. Manyof the
vestibular ganglion cells were sever~ly affected
and the number of the ganglion cells markedly reduced. In all of the remaining ganglion cells
the m~elin sheath was lost. The cytoplasm of the
ganglion cell was reduced and vacuolizations were
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damage to the vestibular sensory epithelia . The
changes varied among individual s , but they were
minimumacross the survival time. These changes
progressed and extended further toward the periphery of the crista and the macula durin g 3
months after the injection.
This indicate s that
GMpresents delayed ototoxicity in the vest i bul ar
sensory epithelia for several months after the
treatment . Six months after the treatment the
change became irreversible,
since the damaged hai r
cells showed no sign of regeneration and were repl aced by the supporting cells .
Little is knownabout damage of th e vestibular ganglion induced by aminoglycosides [6] . We
observed that the degenerative change of the vestibular ganglion developed later than th e vestib ular sensory epithelia, since damage of the vestibular ganglion was first noticed 1 month after
the injection, While, the sensory epitheli a were
already damagedwithin 4 days after the t reatment.
The damage of the vestibular ganglion also
progressed as the post-injection time laps ed.
The degenerative process started from destru ct ion
of the mitochondrial cristae and vacuoliza tion of
the cytoplasm in the Schwanncells . The f ol lowing
step of the change was dissociation of the myelin
sheath around the ganglion cells.
The cyt oplasmic
organelles of the ganglion cell also deter i orated.
At the later stage, the myelin sheath around the
ganglion cell s disappeared and the number of t he
ganglion cells reduced . Furthermore, the myelin
sheath of the nerve fiber was dissociated.
Therefore, equilibrium dysfunction induced by t he aminoglycoside s may partly result from di st urbance of
the transduction mechanism in the vestib ul ar ganglion cell and the myelin sheath of the nerve fiber . These processes .of degeneration ar e almost
the same as those observed in the spiral ganglion

N. Tagashira et al .
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Discussion with Reviewers
R. Hinojosa: Did you see any evidence of phagocytos 1s 1n your specimens?
Author s: No, we did not .

[ 2] .

Twodiff erent mechanisms of the aminoglycoside-induced degeneration of the vestibular
ganglion had been proposed. One is a di rect cytoto xic effect on the vestibular ganglion and the
other, a retrograde degeneration from th e recept or
destruction.
Richter L5] reported that one year
after membran
ous 1abyri nthectomy, tota 1 numbers of
the neurons were 30% less than the contr al atera l
ear and he suggested that the degenerati on of the
vestibular ganglion might be secondary t o the receptor destru ction . In the present study, the
signs of the vestibular ganglion damage occurred
later than that of the vestibular sensor y epi t helia. However, the vestibular ganglion sta rted to
degenerate only 1 month after the treatmen t.
Therefore, we thought that changes of th e gangl ion
cell are probably due to direct influence of GM.

Reviewer I: The author s f ound initial SEM pathol ogy on the fourth day after the intratympan ic
GMinje ction. What could be the explanation of
this delay of this ototo xic damage? Does it mean
it t ook 4 days (or some unknowntime) to let GM
penetrate through the windows into the inner ear
with a normal eustachian tube function? Or, GM
reached to the endorgans earlier but it took time
to manifest damage? Was there any difference in
the initiation of ototo xi c involvement between
cr i stae and maculae? Also, between macula
ut r iculi and macula sacculi? Did any deformity
of statoconia in both maculae precede the abnormality of the cilia?
Aut hors : As you suggest, delay of ototo xicit y
coul d be explained both by the time for GMto penet ra te the windowand by the time for manifestat ion of the damage.
The damagewas not significantly different
between the cristae and the macula and also between the macula sacculi and the macula utriculi.
Wehave not observed the statoconia in both
maculae.
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Reviewer I: The authors mentioned about equilibr i um dysfunction . What sort of equilibrium dysf unction and compensation have they observed?
It has been knownthat the guinea pig usually
shows fast equilibrium compensation even after

1. Harada Y. (1973). Observation of morphological changes in the vestibular sensory epi t helia . Equilibrium Res. l:48-54.
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unilateral vestibular neurectomy, therefore, a
relatively slow invasion by ototo xic agent could
enli st parallel compensation mechanism and therefore the reviewer is very curious to know the
condition of dysequilibrium.
Authors: A few animals showed deviation of the
head and swimmingtoward the side of GMinjec tion. Most of the animals, however, did not manifest noticeable dysequilibrium .
R.V. Harrison: Could you speculate on the route
which Gentamicin takes to affect the vestibular
organs?
Authors: Wethink the most poss ible route i s
throu gh the round window.
R. Hinojosa: Can you commenton the mechanism of
delay ototoxicity of Gentamicin on Scarpa's
ganglion cells?
Authors: The poss ible mechanism for del ayed otot oxi city of GMon Scarpa' s ganglion is the effect
of GMaccumulated either in the perilymph or in
the cer ebro spinal fluid.
Reviewer I: The most critical issue is that the
changes in the ganglion are due to direct influence of GM(as the authors stressed) or secondary
degeneration following the hair cell damage.
What could be th e criteria of the authors to distingui sh secondary degeneration and direct ototo xic damage? If the investigation was done at
the level of afferent terminal on hair cell s
(probably by TEM)and peripheral nerves, a part
of th e answer may be obtained, under the as sumpt ion that neural degeneration following hair cell
damage and dir ect ototo xi c damage are di stin guis hable.
R.V. Harrison: I have to di sagree with one of
your major conclusions of this study. You propose that t he changes to the vestibular ganglion
cell s are a dire ct influence of Gentamicin. I
believe that it i s much more likely that the
ganglion changes are a re sult of retrograde degeneration following damage to the sensory epithelium. This is in analogy with cochlear
ganglion cell degeneration after hair-cell lo ss .
Indeed, this i s why you observe the ganglion
changes some time after epithelium changes . The
changes to the ganglion cell s which you observe
occur between one week and one month of treatment (you observe them after one month of treatment). I wonder how much Gentamic in, if any, is
pre sent at this time to have a direct effect on
the ganglion cell? Perhaps I could invite you
to commenton this alternative conclusion.
Authors: Wedo not think that ganglion damage is
due to retrograde damage. Because it is reported
that ganglion cell number reduced by 30% one year
after labyrinthectomy . While, our ganglion cell
damage was observed in a short period, 1 month
after injection.
So it is probably caused by direct influence of GMrather than retrograde
damage. Time lag of the occurrence of morphological changes between sensory cells and gangl ion
may be due to the difference of vulnerability
between these organs.
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